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ADHESIVE COMPOSITIONS FOR USE ON VINYL SUBSTRATES 



This invention relates to pressure sensitive adhesive compositions particularly adapted for use on vinyl 
substrates. These adhesives comprise polymers of ethylene, vinyl ester, di-2-ethyihexyl maleate or the 
corresponding fumarate, and an unsaturated mono-carboxylic acid. 

Pressure-sensitive adhesives function to provide instantaneous adhesion when applied under light 

s pressure. They are characterized by having a built-in capacity to secure this adhesion to a surface without 
activation, such as by treatment with solvents or heat, and also by having sufficient internal strength so that 
the adhesive material will not rupture before the bond between the adhesive material and the surface 
ruptures. The capacity to obtain instantaneous adhesion is usually expressed as the amount of "tack" or 
"tackiness". Ordinarily it is desirable to obtain as much tack as possible without losing a significant amount 

io of internal strength (cohesion). The latter balance of adhesive and cohesive properties has been difficult to 
obtain in adhesive polymers since monomers conventionally incorporated into the polymers to increase the 
cohesive strength generally result in a decrease in adhesive tack. 

A specific class of pressure sensitive adhesives are used on vinyl substrates such as are utilized in a 
wide variety of industrial applications including as vinyl roof tops in automobiles, for decorative trim as in 

is vinyl labels, and decals and in speciality types. Unlike common polyolefin films such as polyethylene and 
polypropylene, these polyvinyl chloride (PVC) films by nature of their process requirements and high glass 
transition temperature, require formulation with a number of additives. Some of these are migratory 
components and will affect the long-term performance of a vinyl decal or label. The amounts and types of 
additives vary among vinyl formulations, therefore, a wide range of vinyl characteristics are available, A 

20 typical flexible PVC film formulation contains a number of additives including plasticizers. Plasticizers used 
include the migratory monomeric types such as phthalate esters (e.g., dioctylphthalate) or the less 
migratory polymeric plasticizers (e.g., polyesters, epoxidized soybean oils). These applications require 
stringent requirements on the adhesive composition. In particular, the vinyl substrates contain substantial 
amounts of these plasticizers which tend to migrate into the adhesive, especially after aging, the migration 

25 of which will destroy the adhesive and cause the bond to fail. 

Thus, the use of adhesive-coated flexible polyvinylchloride films has traditionally been plagued, to 
various degrees, by deterioration of properties due to migration of plasticizer out of the PVC film into the 
adhesive coating. The degree to which this occurs is dependent on the PVC formulation and the adhesive 
used. In addition to resistance to this plasticizer migration on aging, adhesives for use on vinyl decals must 

30 also possess the previously discussed high initial peel values both cohesive and adhesive strength and 
must inhibit resistance to shrinkage. 

Two of the most important factors influencing the real-life performance of an adhesive-coated vinyl 
decal or label are the plasticizer type and level in a PVC film. These additives which allow use of PVC for 
flexible applications are a major cause of the deterioration of polymer coatings applied to PVC. As a result 

35 of their more migratory character, monomeric plasticizers will have a bigger effect on adhesive properties 
than will polymeric plasticizers. All else being equal, the higher the content of monomeric plasticizer in a 
vinyl film, the more deterioration experienced by the adhesive-coated decal as a function of time. 

To accurately predict the extent of plasticizer migration and its effects on adhesive properties, it is 
important to address what happens to the plasticizer when it leaves the vinyl film. If the adhesive totally 

40 blocks out the plasticizer, the result is an accumulation of plasticizer at the adhesive-vinyl interface. This 
can result in bond failure at this boundary. If the adhesive is too accepting of the plasticizer, the viscoelastic 
properties of the adhesive deteriorate resulting in a weak, leggy polymer film. A third possibility involves 
migration of the plasticizer out of the PVC, through the adhesive mass, to the adhesive-substrate interface. 
This can retard or destroy bond formation. 

45 The destiny of the plasticizer after the migration process is actually a combination of these three 
extremes. The degree to which one case predominates is dependent on adhesive, substrate and the PVC 
backing. The most obvious indication of plasticizer migration related adhesive deterioration is the degrada- 
tion of adhesive properties as a function of aging on vinyl. Many adhesive systems display a dramatic drop 
off in peel adhesion and creep resistance during contact with plasticized vinyl; however, through proper 

50 polymer design, control over the migration process and the subsequent effect on the pressure sensitive 
adhesive properties can be achieved. 

In contrast to the adhesive compositions of the prior art. the problems associated with plasticizer 
migration are overcome in accordance with the present invention by use of a pressure sensitive adhesive 
comprising 30-70% by weight of a vinyl ester of an alkanoic acid; 10-30% by weight ethylene; 20-40% by 
weight of a di-2-ethylhexyl maleate or the corresponding fumarate; and 1 to 10% by weight of a mono- 
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carboxylic acid. 

The adhesives are characterized by superior resistance to plasticizer migration, resulting in excellent 
overall adhesive properties after storage of the adhesive coated susbtrates accompanied by high intial peel 
strength. As such, the pressure sensitive adhesives find particular application for adhering vinyl substrates 
; 5 and especially for use as adhesive for vinyl decals. 

The vinyl esters utilized herein are the esters of alkanoic acids having from one to about 13 carbon 
atoms. Typical examples include; vinyl formate, vinyl acetate, vinyl propionate, vinyl butyrate. vinyl 
isobutyrate, vinyl valerate, vinyl-2-ethyl-hexanoate, vinyl isooctanoate, vinyl nonate. vinyl decanoate, vinyl 
pivalate, vinyl versatate, etc. Of the foregoing, vinyl acetate is the preferred monomer because of its ready 
jo availability and low cost. The vinyl ester is present in the copolymer in amounts of about 30 to 70% by 
weight, preferably 40 to 60%. 

The dioctyl maleate isomer utilized herein is the di-2-ethylhexyl maleates. Since, after polymerization, 
the structure of the fumarate and maleate (the cis and the isomers) are the same, the corresponding 
fumarate ester is also contemplated for use herein. The latter components are present in the copolymer in 
J5 amounts of about 20 to 40% by weight, preferably 25 to 35%. 

The unsaturated mono-carboxylic acids utilized herein include, for example, acrylic and methacrylic 
acid or the half esters of maleic acid such as monoethyl, monobutyl or monooctyl maleate, with acrylic acid 
or monoethyl maleate being preferred. The acid is present in an amount of 1 to 10% by weight, preferably 
2 to 6%. 

20 In addition to the 10 to 30% ethylene, it may also be desired to incorporate in the copolymer minor 
amounts of other functional comonomers. Suitable copolymerizable comonomers include, for example, 
acrylamide, ally I carbamate, N-methylol (meth)-acrylamide, N-vinylpyrrolidinohe, diallyl adipate, triallyl 
cyanurate, butanediol diacrylate, ally! methacrylate, etc. as well as C^Cshydroxyalkyl esters such as 
hydroxyethyl acrylate, hydroxy propyl acrylate and corresponding methacrylates. The latter comonomers 

25 are generally used at levels of less than about 5% depending upon the nature of the specific comonomer. 
In all cases, the T g of the resultant pressure sensitive adhesive should be within the range of about -45 to 
-25°C so the optical comonomers should not be added at levels which will result in polymers outside this 
T g range. 

In addition, certain copolymerizable monomers which assist in the stability of the copolymer emulsion, 
30 e.g.. vinyl sulfonic acid, are also useful herein as latex stabilizers. These optionally present monomers, if 
employed, are added in very low amounts of from 0.1 to about 2% by weight of the monomer mixture. 

Conventional batch, semi-batch or continuous emulsion polymerization procedures may be utilized 
herein. Generally, the monomers are polymerized in an aqueous medium under pressures not exceeding 
100 atmospheres in the presence of a catalyst and at least one emulsifying agent. 
35 The quantity of ethylene entering into the copolymer is influenced by the pressure, the agitation, and 
the viscosity of the polymerization medium. Thus, to increase the ethylene content of the copolymer, higher 
pressures are employed. A pressure of at least about 10 atmospheres is most suitably employed. The 
mixture is thoroughly agitated to dissolve the ethylene, agitation being continued until substantial equilib- 
rium is achieved. This generally requires about 15 minutes. However, less time may be required depending 
40 upon the vessel, the efficiency of agitation, the specific system, and the like. 

Suitable as polymerization catalysts are the water-soluble free-radical-formers generally used in emul- 
sion polymerization, such as hydrogen peroxide, sodium persulfate, potassium persulfate and ammonium 
persulfate, as well as tert-butyl hydroperoxide, in amounts of between 0.01 and 3% by weight, preferably 
0.01 and 1% by weight based on the total amount of the emulsion. They can be used alone or together with 
45 reducing agents such as sodium formaldehyde-sulfoxylate, ferrous salts, sodium dithionite. sodium hy- 
drogen sulfite, sodium sulfite, sodium thiosulfate. as redox catalysts in amounts of 0.01 to 3% by weight, 
preferably 0.01 to 1% by weight, based on the total amount of the emulsion. The free-radical-formers can 
be charged in the aqueous emulsifier solution or be added during the polymerization in doses. 

The polymerization is carried out at a pH of between 2 and 7, preferably between 3 and 5. In order to 
so maintain the pH range, it may be useful to work in the presence of customary buffer systems, for example, 
in the presence of alkali metal acetates, alkali metal carbonates, alkali metal phosphates. Polymerization 
regulators, like mercaptans. aldehydes, chloroform, ethylene chloride and trichloroethylene. can also be 
added in some cases. 

The emulsifying agents are those generally used in emulsion polymerization, as well as optionally 
55 present protective colloids. It is also possible to use emulsifiers alone or in mixtures with protective colloids. 

The emulsifiers can be anionic, cationic. nonionic surface-active compounds or mixtures thereof. 
Suitable anionic emulsifiers are. for example, alkyl sulfonates, alkylaryl sulfonates, alkyl sulfates, sulfates of 
hydroxylalkanols. alkyl and alkylaryl disulfonates, sulfonated fatty acids, sulfates and phosphates of 
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polyethyoxyiated alkanols and alkylphenois, as well as esters of sulfosuccinic acid. Suitable cationic 
emulsifiers are, for example, alkyl quaternary ammonium salts, and alkyl quaternary phosphonium salts. 
Examples of suitable non-ionic emulsifiers are the addition products of 5 to 50 mols of ethylene oxide 
adducted to straight-chained and branch-chained alkanols with 6 to 22 carbon atoms, or alkylphenois, or 

5 higher fatty acids, or higher fatty acid amides, or primary and secondary higher alkyl amines; as well as 
block copolymers of propylene oxide with ethylene oxide and mixtures thereof. When combinations of 
emulsifying agents are used, it is advantageous to use a relatively hydrophobic emulsifying agent in 
combination with a relatively hydrophilic agent. The amount of emulsifying agent is generally from about 1 
to about 10. preferably from about 2 to about 8, weight percent of the monomers used in the polymeriza- 

70 tion. 

The emulsifier used in the polymerization can also be added, in its entirety, to the initial charge to the 
polymerization zone or a portion of the emulsifier, e.g. from 90 to 25 percent thereof, can be added 
continuously or intermittently during polymerization. 

Various protective colloids may also be used in place of or in addition to the emulsifiers described 
T5 above. Suitable colloids include partially acetylated polyvinyl alcohol, e.g., up to 50 percent acetylated, 
casein, hydroxyethyl starch, carboxymethyl cellulose, gum arabic, and the like, as known in the art of 
synthetic emulsion polymer technology. In general, these colloids are used at levels of 0.05 to 4% by 
weight based on the total emulsion. 

The polymerization reaction is generally continued until the residual vinyl acetate, monomer content is 
20 below about 1%. The completed reaction product is then allowed to cool to about room temperature, while 
sealed from the atmosphere. 

The adhesive emulsions are produced and used at relatively high solids contents, e.g. between 35 and 
70%, preferably not less than 50%, although they may be diluted with water if desired. 

The particle size of the latex can be regulated by the quantity of nonionie or anionic emulsifying agent 
25 or protective colloid employed. To obtain smaller particles sizes, greater amounts of emulsifying agents are 
used. As a general rule, the greater the amount of the emulsifying agent employed, the smaller the average 
particle size. 

If desired, conventional additives may be incorporated into the novel adhesives of our invention in order 
to modify the properties thereof. Among these additives may be included thickeners, fillers or pigments, 

30 such as talc and clay, small amounts of tackifiers, etc. 

The emulsion adhesive is useful on any conventional tape or other face stock, especially vinyl 
substrates such as vinyl films or foils. The adhesive may be applied using conventional techniques. Typical 
methods involve application of the adhesive onto a release liner by use of mechanical coating processes 
such as air knife, trailing blade, knife coater, reverse roll or gravure coating techniques. The adhesive is 

35 allowed to dry at room temperature and then oven dried at about 250°F for 10 minutes. The coated release 
liner may then be laminated to the face stock by a nip roll using pressure between a rubber roll and a steel 
roil. This technique effects a transfer of the adhesive mass to the face stock with a minimum of penetration. 



40 Example 1 

This example illustrates the polymerization method used in preparing pressure sensitive adhesives of 
the present invention. 

To a 10 liter autoclave was charged 675 g (of a 20% w/w solution in water) sodium alkyl aryl 
45 polyethylene oxide sulphate (3 moles ethylene oxide). 50 g (of a 70% w/w solution in water) alkyl aryl 
polyethylene oxide (30 moles ethylene oxide), 60 g (of a 25% w/w solution in water) sodium vinyl 
sulphonate, 0.5 g sodium acetate, 2 g sodium formaldehyde sulphoxylate. 5 g (of a 1% ww solution in 
water) ferrous sulphate solution and 1900 g water. After purging with nitrogen, 1575 g vinyl acetate and 
1425 g di-2-ethylhexyl maleate were charged to the reactor. The reactor was then pressurized to 750 psi 
so with ethylene and equilibrated at 50°C for 15 minutes. The polymerization was then started by metering in 
a solution of 60 g tertiary butyl hydroperoxide in 290 g water and 45 g sodium formaldehyde sulphoxylate 
and 2 g sodium acetate in 225 g water over a period of 5 hours uniformly. Concurrently added over four 
hours was a solution of 100 g. acrylic acid and 100 g. hydroxypropyl aery late in 300 g. water. 

Once the addition of the initiators was started, the reaction temperature was raised to 80-82°C and kept 
55 at this temperature until the reaction was completed. At the end of the initiator slow additions, the product 
was transferred to an evacuated vessel (30 liter) to remove residual ethylene from the system. It was 
identified as Emulsion 1 . 

Using the general procedure described above, additional emulsions were prepared varying the amounts 
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and/or monomelic compositions. The major monomers and their respective amounts are shown in Table !. 

Also prepared as controls were emulsions representative of the prior art including Examples 8 through 
15 illustrating acrylic compositions (Ex. 8 and 9), vinyl acrylic compositions (Ex. 10, 11, 12. 13) and 
ethylene-vinyl acetate-acrylic compositions (Ex. 14 and 15), the latter prepared in accordance with the 
5 teachings of U.S. Patent 4,322,516. Example 16 illustrates an industry standard for this end use supplied by 
Rohm and Haas. In addition, controls were prepared using di-iso-octyl maleate (Ex. 17), no carboxylic acid 
(Ex. 18) and maleic acid (Ex. 19), an unsaturated dicarboxylic acid. 
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The emulsion adhesive was then coated on a plasticized vinyl film and dried in an oven for 5 minutes at 
105°C. The resulting dry adhesive deposition was 20 mg./in 2 . This coating was then tested for peel strength 
according to the Pressure Sensitive Tape Council, Test Method No. 1, modified here to vary the dwell time 
between placing the coating in contact with the stainless steel test panel and measuring the peel strength. 
In addition the bonded test specimen was heat aged as indicated in Table II to accelerate any tendency to 
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lose adhesion on aging on the PVC substrate due to plasticizer migration into the polymer. 

TABLE II 

s PEEL 1 WK. AGED % RETENTION OF 



EX 


INITIAL 


PEEL 


AT 70 


°C 


PEEL STE 




20 MIN. 


24 HRS. 


20 MIN. 


24 HRS. 






(in lbs.) 


(in lbs.) 




i 


5.2 


5.9 


3.3 


3.6 




2 


4.6 


5.1 


3.5 


3.5 


76 


3 


4.0 


4.7 


3.3 


5.1 


83 


4 


4.5 


6.3 


3.5 


3.4 


TO 
/O 


5 


4.6 


6.4 


3.1 


3.9 


67 


6 


3.5 


6.2 


3.5 


4.3 


t nr\ 


7 


4.1 


5.1 


2.3 


3.2 


cc 
OO 


8 


2.6 




1.2 




46 


9 


3.7 


4.5 


1.2 




J£ 


10 


2.7 




1.8 




67 


11 


3.3 




2.2 




67 


12 


3.3 


4.9 


1.2 


1.8 


36 


13 


3.3 


5.4 


1.7 


2.5 


51 


14 


3.3 


3.9 


1.1 


1.6 


33 


15 


3.1 


4.1 


1.5 


3.2 


48 


16 


3.7 


5.3 


1.6 


3.0 


43 


17 


2.5 


4.1 


2.0 


2.8 


80 


18 


3.1 


5.0 


2.8 


3.2 


90 


19 


1.5 


3.0 


2.2 


2.5 


100 



30 The results show the superior retention of adhesive properties of the instant polymers (compared to 
those of the prior art) when subjected to aging on PVC film (vinyl). This is specifically shown by Examples 1 
through 7 which illustrate the high initial peel strengths (4-5 lbs.) and retention of 3-4 lbs. of this peel 
strength on aging relative to the prior art and controls of only 3-4 lb. initial peel strength and lower retention 
of peel strength on aging of 1-2 lb. 



Claims 



1 .Plasticized polyvinyl chloride substrates coated with a pressure sensitive adhesive composition 
40 comprising 30-70% by weight of a vinyl ester of an alkanoic acid; 10-30% by weight ethylene; 20-40% by 
weight of di-2-ethylhexyl maleate or the corresponding fumarate; and 1 to 10% by weight of a mono- 
carboxylic acid. 

2. The substrate of Claim 1 wherein the polyvinyl chloride substrate is plasticized with a migratory 
plasticizer. 

45 3. The substrate of Claim 2 wherein the plasticizer is a phthalate ester, a polyester or an epoxidized 
soybean oil. 

4. Pressure sensitive adhesive compositions having a Tg of -45 to -25 °C suitable for application to 
plasticized polyvinyl chloride films consisting essentially of 30-70% by weight of a vinyl ester of an alkanoic 
acid; 10-30% by weight of ethylene; 20-40% by weight of di-2-ethylhexyl maleate or the corresponding 

50 fumarate; 1 to 10% by weight of a mono-carboxylic acid and 0-10% of a copolymerizable comonomer 
selected from the group consisting of acrylamide, allyl carbamate, N-methylol (meth)acrylamide, N- 
vinylpyrrolidinone, diallyl adipate, triallyl cyanurate, butanediol diacrylate, allyl methacrylate, hydroxyethyl 
acrylate, hydroxy propyl acrylate and the corresponding methacrylates. 

5. Claim 1 or 4 wherein the adhesive additionally contains up to 5% of a copolymerizable comonomer 
55 selected from the group consisting of acrylamide, allyl carbamate, N-methylol (meth)-acrylamide, N- 

vinylpyrrolidinone, diallyl adipate, triallyl cyanurate, butanediol diacrylate, allyl methacrylate. hydroxyethyl 
acrylate, hydroxy propyl acrylate and the corresponding methacrylates and wherein the amount of the 
comonomer is such as to maintain the adhesive within a Tg range of -45 to -25 °C. 
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6. Claim 1 or 4 wherein the vinyl ester in the adhesive is vinyl acetate. 

7. Claim 1 or 4 wherein the acid in the adhesive is acrylic acid or methacrylic acid or a half ester of 
maleic acid. 

8. Claim 1 or 4 wherein the vinyl ester is present in an amount of 40 to 60% by weight and the maleate 
s is present in an amount of 25 to 35% by weight. 

9. Claim 5 wherein the copolymerizable comonomer is hydroxyethyl acrylate or hydroxypropyl acrylate. 

Claims for the following contracting state: ES 

70 1. A method for producing coated plasticized polyvinyl chloride substrates by coating the substrates 
with a pressure sensitive adhesive composition comprising 30-70% by weight of a vinyl ester of an alkanoic 
acid; 10-30% by weight ethylene, 20-40% by weight of di-2-ethylhexyl maleate or the corresponding 
fumarate; and 1 to 10% by weight of a mono-carboxylic acid. 

2. The method of Claim 1 wherein the polyvinyl chloride substrate is plasticized with a migratory 
15 plasticizer. 

3. The method of Claim 2 wherein the plasticizer is a phthalate ester, a polyester of an epoxidized 
soybean oil. 

4. The use of a pressure sensitive adhesive composition having a Tg of -45 to -25°C for the application 
to plasticized polyvinyl chloride films consisting essentially of 30-70% by weight a vinyl ester of an alkanoic 

20 acid; 10-30% by weight ethylene; 20-40% by weight of di-2-ethylhexyl maleate or the corresponding 
fumarate; 1 to 10% by weight of a mono-carboxylic acid and 0-10% of a copolymerizable comonomer 
selected from the group consisting of acrylamide, allyl carbamate, N-methyloi (meth)-acrylamide, N- 
vinylpyrrolidinone, diallyl adipate. triallyl cyanurate, butanediol diacrylate, allyl methacrylate. hydroxyethyl 
acrylate, hydroxy propyl acrylate and the corresponding methacrylates. 

25 5. Claim 1 or 4 wherein the adhesive additionally contains up to 5% of a copolymerizable comonomer 
selected from the group consisting of acrylamide, allyl carbamate, N-methylol (meth)-acrylamide, N- 
vinylpyrrolidinone, diallyl adipate, triallyl cyanurate, butanediol diacrylate, allyl methacrylate, hydroxyethyl 
acrylate, hydroxy propyl acrylate and the corresponding methacrylates and wherein the amount of the 
comonomer is such as to maintain the adhesive within a Tg range of -45 to -25°C. 

30 6. Claim 1 or 4 wherein the vinyl ester in the adhesive is vinyl acetate. 

7. Claim 1 or 4 wherein the acid in the adhesive is acrylic acid or methacrylic acid or a half ester of 
maleic acid. 

8. Claim 1 or 4 wherein the vinyl ester is present in an amount of 40 to 60% by weight and the maleate 
is present in an amount of 25 to 35% by weight 

35 9. Claim 5 wherein the copolymerizable comonomer is hydroxyethyl acrylate or hydroxypropyl acrylate. 
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